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ELECTRODE ASSEMBLY INCLUDING
MANDREL HAVING A REMOVABLL
PORTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from provisional applica-
tion Ser. No. 61/321,685 filed Apr. 7, 2010, hereby 1ncorpo-
rated by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The invention relates to a battery and to a method of manu-
facture using a mandrel that allows for increased compact-
ness.

BACKGROUND OF THE INVENTION

Batteries for medical devices have demanding require-
ments. They should be small, have a long life, high power
output, low self-discharge rate, compact size and high reli-
ability. The need for minmiaturization while maintaining or
increasing output means that as much of the battery footprint
as possible should be used for power storage resulting 1n the
concomitant elimination of dead space. However, while the
climination of dead space should result in greater miniatur-
1zation, 1t also results 1n a greater difficulty of assembly due to
the increasingly small size of the component parts.

Traditionally, jelly roll type batteries have been made by
using a mandrel to wrap electrodes around. Once wrapped,
the mandrel 1s removed providing a jelly roll wrapped elec-
trode assembly for use 1n a battery. However, removal of the
mandrel from the core of the jelly roll inherently presents the
potential of damaging the jelly roll due to the possibility of
pulling the core of the jelly roll out with the mandrel. There-
tore, the jelly roll should not be wrapped tight to avoid this
problem. Conversely, a loosely wrapped jelly roll wastes
space and decreases battery capacity and power due to size
constraints. More recently, jelly roll storage batteries have
been made using a rod-shaped, non-conductive, non-deform-
able core around which electrodes are wrapped. Conductive
tabs are added to each electrode to complete the circuit.

U.S. Pat. No. 7,442,465 to Kim et al., discloses a recharge-
able battery which has a non-deformation core. Once the
positive and negative electrodes are wound around the core,
conductive tabs are attached to the electrodes and the core
serves to prevent deformation of the jelly roll, but does not
conduct current.

U.S. published patent application U.S. 2003/0134185 to
Nakahara et al. describes a feedthrough pin that 1s directly
connected to an mner end of an electrode. The pin extends
from the jelly roll and through the battery case and functions
as a battery terminal. The feedthrough pin fits 1nto a slotted
‘C’-shaped mandrel. The positive electrode 1s conductively
connected to the pin which fits within the ‘C’-shaped man-
drel. As the positive electrode 1s wound, a separator 1s inserted
between the feedthrough pin/mandrel and the positive elec-
trode. A negative electrode 1s inserted between the separator
and the pin/mandrel. The separator and negative electrode are
held 1n the jelly roll by the tension created between the
teedthrough pin/mandrel and the positive electrode. After
winding, a metal tab 1s welded to the negative electrode and
the tab contacts the battery case endcap to complete the cir-
cuit.

Both of the aforementioned batteries require the placement
of at least one tab on an electrode to complete the circuit
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during or after winding the electrodes. In either case, the
passive connection of one of the electrodes to the case 1s

required for the circuit to be completed.
Therefore, a need exists for an improved electrode assem-

bly.

SUMMARY OF THE INVENTION

The present invention provides a mandrel useful 1n making
a jelly roll electrode assembly and an electric storage battery.
The mandrel includes a positive portion, a negative portion
and one or more removable portions adjacent to the positive
and/or negative portions. A passage 1s provided between the
positive and negative portions. The mandrel can be planar
having two faces with a groove on each of the positive and
negative portions. The grooves can be on the same or opposite
faces of the mandrel. The grooves are dimensioned to accom-
modate positive and negative feedthrough pins.

The positive and negative electrodes and the positive and
negative feedthrough pins can be conductively connected to
the mandrel to provide an electrode assembly. One or more
separators can be used to 1nsulate the electrodes. The remov-
able portion can be used as a handle when the mandrel 1s
rotated to wrap the electrode and the one or more separators
around the mandrel to make a jelly roll electrode assembly.
The jelly roll assembly can be secured by heat sealing one or
more protruding ends of the one or more separators to each
other or to an underlying separator layer.

In one aspect, when an electrode assembly 1s made using,
the mandrel, a single separator can be passed through a pas-
sage between the positive and the negative portion of the
mandrel. In this embodiment the mnvention includes an elec-
trode assembly comprising: (a) a planar mandrel having a first
face and a second face with the mandrel including a positive
portion, a negative portion; (b) a positive electrode; (c) a
negative electrode; (d) a positive feedthrough pin; (€) a nega-
tive feedthrough pin; and (1) a single separator. The mandrel
includes a passage from the first face to the second face
dividing the positive portion and the negative portion. The
separator passes through the passage 1n the mandrel so as to
be juxtaposed to the positive portion on the first face of the
mandrel and the negative portion on the second face of the
mandrel. The positive electrode, the separator and the nega-
tive electrode can be wound around the mandrel to provide a
jelly roll electrode assembly. The mandrel further imncludes
one or more removable portions adjacent to the positive and/
or negative portions of the mandrel. The removable portions
can be removed after assembly.

In another aspect, the invention provides for making a
conductive connection between the electrodes and the
teedthrough pins using the mandrel as a platform. In this
embodiment, the positive and negative electrodes can be elec-
trically connected on the mandrel. When the mandrel 1s made
of an electrically conductive material, the positive and nega-
tive feedthrough pins and the positive and negative electrodes
do not have to be in direct contact with each other to be
clectrically connected on the mandrel. When the mandrel 1s
made of a non-electrically conductive material, the positive
and negative electrodes can be directly opposed to each other
on the mandrel. By providing a conductive connection
between the electrodes and the feedthrough pins on the man-
drel, exposed ends of the feedthrough pins provide terminals
for the battery. This construction provides for a battery case
that 1s neutral to.

In still another aspect, the invention provides a method of
sealing a coiled jelly roll electrode assembly by utilizing
protruding ends of one or more separators used in the elec-
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trode assembly. In this embodiment, the terminus of one or
more separators extends beyond the length of one or more
clectrodes of the wrapped jelly roll assembly providing a
protruding end(s) of the separator. The protruding end(s) of
the separator extends beyond the electrodes suflicient to be
sealed to each other or to an underlying layer of separator.
Generally, excess separator material can be wrapped 1 to 5
times around the jelly roll. In one aspect, the wrapped jelly
roll assembly can be contacted with a heating block on one or
more sides of the jelly roll. The separator material separator
can be heat sealed to an underlying layer of separator, thus
securing the jelly roll assembly 1n a coiled position.

The mmvention further includes a method of making an
clectric storage battery including placing the electrode
assembly 1n a case.

These and other features and advantages of the present
invention will be set forth or will become more fully apparent
in the description that follows and 1n the appended claims.
The features and advantages may be realized and obtained by
means ol the mnstruments and combinations particularly
pointed out in the appended claims. Furthermore, the features
and advantages of the invention may be learned by the prac-

tice of the invention or will be apparent from the description,
as set forth heremaftter.

BRIEF DESCRIPTION OF THE FIGURES

Various exemplary embodiments of the compositions and
methods according to the invention will be described 1n detail,
with reference to the following figures wherein:

FIG. 1 1s a schematic diagram of one embodiment of an
clectrode assembly made using a mandrel according to the
invention. In this embodiment, the feedthrough pins are on
the same side face of the mandrel;

FIGS. 2A and 2B illustrate a mandrel according to the
embodiment of the invention illustrated in FI1G. 1. FIG. 2A 1s
a side-plan view of the mandrel. FIG. 2B 1s a top-plan view of
the mandrel of FIG. 2A;

FIG. 3 1s a schematic diagram of an electrode assembly
made using another embodiment of the mandrel according to
the invention. In this embodiment, the feed through pins are
on opposite faces of the mandrel;

FIG. 4 1s a schematic diagram of the mandrel illustrated in
FIG. 1 with electrodes attached to the positive portion and the
negative portion of the mandrel;

FI1G. 5 1s a schematic diagram of the mandrel shown in FIG.
4 with positive and negative feedthrough pins attached and a
battery cap and insulator;

FI1G. 6 1llustrates the embodiment of a completed electrode
assembly using the mandrel shown 1n FIG. 4 and with two
separators attached. The view shown 1 FIG. 6 1s from the
opposite face as the view from FIG. 5;

FIGS.7A, 7B, 7C and 7D are schematic, top-plan views of
tour jelly roll electrode assemblies using different mandrels
to make an 1nterconnect joint according to the mvention;

FIGS. 8A and 8B show a battery made using the coiled
clectrode assembly made using a mandrel according to the
invention. FI1G. 8A shows the electrode assembly 1n the bat-
tery case before the removable portion 1s detached. FIG. 8B
shows the completed battery with the removable portion
detached and the electrode assembly ready to be sealed in the
battery case;

FI1G. 9 1s a schematic diagram of another embodiment of
the mandrel according to the invention having two separate
positive and negative portions, each with its own removable
portion;
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FIGS. 10A and 10B 1llustrate a separate embodiment of a
mandrel useful 1n making an interconnect according to the

invention. This embodiment of the mterconnect joint uses a
mandrel having a separate stud pin for conductively connect-
ing the positive and negative electrodes. FIG. 10A 1s a side-
plan view showing a mandrel with the location for a groove
including a welding site for a stud pin used to complete the
connection between the mandrel and the positive and negative

clectrode pins. FIG. 10B 1s a top-plan view of the mandrel
shown 1n FIG. 10A;

FIGS. 11A and 11B illustrate another embodiment of a
mandrel useful 1n making an interconnect according to the
invention. FIG. 11A 1s a side-plan view of the mandrel
according to the invention and FIG. 11B 1s a top-plan view of
the same mandrel. This embodiment of the interconnect joint
uses a mandrel having separate grooves for stud pins for
conductively connecting the positive and negative electrodes;

FIG. 12 15 a side-plan view of a partially assembled elec-
trode assembly according to one embodiment of the invention

using the mandrel shown 1 FIGS. 10A and 10B.

(L]

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

In General

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an’ and *“‘the” include plural
reference unless the context clearly dictates otherwise. As
well, the terms “a” (or “an’), “one or more” and “at least one™
can be used interchangeably herein. It 1s also to be noted that
the terms “comprising”, “including”, “characterized by and
“having’” can be used interchangeably.

Unless defined otherwise, all technical and scientific terms
used herein have the same meanmings as commonly under-
stood by one of ordinary skill 1n the art to which this invention
belongs. All publications and patents specifically mentioned
herein are incorporated by reference for all purposes includ-
ing describing and disclosing the chemicals, instruments,
statistical analyses and methodologies which are reported 1n
the publications which might be used 1n connection with the
invention. All references cited 1n this specification are to be
taken as indicative of the level of skill in the art. Nothing
herein 1s to be construed as an admission that the invention 1s
not entitled to antedate such disclosure by virtue of prior
invention.

As used herein, the term “mandrel” means an interior core
at least a portion of which can be an integral part of the
clectrode assembly. The term “interconnect joint” refers to a
conductive connection between the electrical components of
a battery including a mandrel. While the mandrel may, 1tself
not be conductive, those parts of the electrode assembly
required for an electric current, including, at least, positive
and negative electrodes and positive and negative
teedthrough pins are conductively connected on the mandrel.
In addition, the term “‘electrode” 1s used to refer to an elec-
trode substrate that can be coated with an active matenial. The
clectrode can include a current collecting substrate in the
form of multiple “plates” or panels conductively connected to
cach other. Alternatively, the electrode comprises a substrate
in the form of a strip of thin conductive material such as a foil.
When the electrode 1s formed using a fo1l or thin conductive
strip as a substrate, the electrode can be considered an “elec-
trode strip”.

As used herein the terms “heat sealed” and “heat sealer’
refer to conventional methods known in the art in which a
machine applies heat to seal amaterial such as a thermoplastic

material. Of the several types of heat sealers, one 1s a con-
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tinuous heat sealer that applies a continuous heat. A continu-
ous heat device or sealer can be constructed using a cartridge
heater that 1s 1nserted 1nto an appropriate size opening 1n a
block, such as metal or ceramic, having a predetermined
shape and desirable thermal properties. A second type of heat
sealer 1s an 1mpulse heat sealer. Generally, an impulse heat
sealer uses a stationary element (such as a nichrome wire) that
1s heated by passing a current through 1t for a period of time.

The invention and the various features and advantageous
details thereot are explained more tully with reference to the
non-limiting embodiments that are 1llustrated in the accom-
panying drawings and detailed in the following description.
Descriptions of well known components and processing tech-
niques are omitted so as not to unnecessarily obscure the
invention in detail but such descriptions are, nonetheless,
included 1n the disclosure by incorporation by reference of
the citations discussed. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating preferred embodiments of the mnvention, are given by
way of 1llustration only and not by way of limitation. Various
substitutions, modifications, additions and/or rearrangements
within the spirit and/or scope of the underlying inventive
concept will become apparent to those skilled 1n the art from
this detailed description.

The Invention

The present invention provides a mandrel usetul in making,
a jelly roll electrode assembly and an electric storage battery.
The mandrel includes a positive portion, a negative portion
and one or more removable portions adjacent to the positive
and/or negative portion(s). A passage 1s provided between the
positive and negative portions. The mandrel can be planar
having two faces with a groove on each of the positive and
negative portions. The grooves can be on the same or opposite
faces of the mandrel. The grooves are dimensioned to accom-
modate positive and negative feedthrough pins.

The positive and negative electrodes and the positive and
negative feedthrough pins can be conductively connected to
the mandrel when used to make an electrode assembly. One or
more separators can be used to msulate the electrodes. For
example, a separator can be passed through the passage of the
mandrel so as to be juxtaposed alongside both the positive and
negative electrodes. The removable portion(s) can be used as
a handle to rotate mandrel, electrodes and one or more sepa-
rators. Rotation of the mandrel wraps the electrodes and one
or more separators around the mandrel to provide a jelly roll
clectrode assembly. The jelly roll assembly can be secured by
heat sealing one or more protruding ends of the one or more
separators with heat.

Referring now to FIG. 1, one embodiment of an electrode
assembly according to the invention is illustrated. FIG. 1
illustrates an electrode assembly 16 including a conductive
mandrel 20 having a positive portion (obscured by separator
51) and a negative portion 24, positive and negative electrodes
30 and 32 and positive and negative feedthrough pins 42 and
44. Mandrel 20 further includes removable portion 26 and a
removable incision 28. As illustrated, positive electrode 30
and negative electrode 32 can be conductively connected to
the conductive mandrel 20 on opposite faces while
teedthrough pins 42 and 44 can be conductively connected 1n
place on the same face of the mandrel thereby creating the
interconnect joint. In the embodiment shown, positive elec-
trode 30 and the negative electrode 32 can be conductively
connected by welding electrodes 30 and 32 to a flat surface of
the mandrel 20. In this embodiment, a single separator 51 can
be interwoven between positive and negative portions 22 and
24 of mandrel 20 through passage “p” to provide electrode
assembly 16.
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It should be appreciated that the mandrel can be formed of
any conductive material. For example, the mandrel can be
formed of stainless steel or aluminum. Alternatively, the man-
drel can be made from pure titanium or titanium alloy such as
grade 5 or grade 23, nickel, copper and combinations thereof.

While the mandrel can be made using any appropriate

process, 1n one aspect the mandrel can be made using electric
discharge machining (EDM). Alternatively, the mandrel can
be made by metal extrusion or by injection molding depend-
ing on the needs of the battery and the composition of the
mandrel. The grooves for the feedthrough pins canbe made in
the mandrel by machining, etching, or other suitable methods
to provide a groove.
The width of mandrel 20 can be from about 0.2 to about 0.5
inches, more particularly from about 0.235 to about 0.4 inches
and most particularly from about 0.3 to about 0.35 inches.
Generally, the length of the mandrel ranges from about 0.5
inches to about 1 inch, more particularly from about 0.6 to
about 0.8 inches and most particularly from about 0.7 to about
0.75 1inches. The thickness of the mandrel ranges from about
0.01 to about 0.05 inches, more particularly from about 0.015
inches to about 0.03 inches and most particularly from about
0.02 to about 0.025 1nches.

Those of skill 1n the art will appreciate grooves 23 and 25
should be appropriately sized to accommodate the diameters
of the feedthrough pins. The grooves can be 1n the shape of,
for example, a *“v”’, a rounded groove, or a square bottomed
groove.

Electrodes 30 and 32 can vary 1n size, shape and length.
Generally the electrode can be a foil or other thin malleable
conductive substrate. In various embodiments, the foil can be
in the form of a metal fo1l such as, for example, aluminum,
steel, silver, copper, nickel, titanium, etc. The length of the
clectrodes can range from about 2 inches to about 20 inches,
particularly from about 4 inches to about 18 inches and most
particularly from about 6 inches to about 16 inches. The width
of the electrodes can range from about 0.1 to about 2 inches,
more particularly from about 0.2 to about 1.75 inches and
most particularly from about 0.3 to about 1.5 inches. The
thickness of the electrodes can vary from about 0.003 inches
to about 0.04 inches, 1n particular from about 0.004 to about
0.03 inches and most particularly from about 0.005 to about
0.0235 inches.

The electrodes can vary 1n composition depending on the
battery chemistry being used and the mandrel can be opti-
mized for such.

Suitable separator material can be any non-conductive
material such as polyethylene, polypropylene and layered
combinations thereof. The separator generally has a larger
width and length than the electrode(s) it covers so as to fully
encase the electrode(s). Suitable separators have a length of
from about 4 inches to about 36 inches, in particular from
about 8 1nches to about 34 inches and most particularly from
about 12 inches to about 30 inches and widths of from about
0.2 inches to about 2 inches, i particular from about 0.3
inches to about 1.75 inches and most particularly from about
0.4 1inches to about 1.5 inches. Suitable thicknesses for sepa-
rators range from about 0.0008 1nches to about 0.004 1nches.
Generally, separator 51 can be sized appropriately to extend
beyond the bottom portion of positive and negative electrodes
30 and 32 after removal of removable portion 26.

Feedthrough pins can be si1zed to fit within the grooves and
can be made of any electrically conductive material. For
example, feedthrough pins 42 and 44 can be made of steel,
platinum, aluminum and titanium, etc. In some embodiments,
the feedthrough pins can be made of an alloy such as, for
example, platinum-iridium such as 90 Pt/10 Ir. The length of
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the positive and negative feedthrough pins can range from
about 0.4 to about 1 inches 1n length, more particularly from
about 0.5 to about 0.75 inches and most particularly from
about 0.5 to about 0.7 inches. The diameter of the feedthrough
pins can vary and can be from about 0.050 to about 0.3 1nches,
in particular from about 0.01 to about 0.025 inches and most
particularly from about 0.01 to about 0.015 inches. The
teedthrough pins extend outside of the battery case and can be
cut to length as required.

The phrase “removable portion” refers to a portion of the
mandrel that can be detached from the remainder of the man-
drel. This can be accomplished by scoring a groove deep
enough to allow the portion to be “snapped off” from the
remainder of the mandrel. Alternatively, the removal portion
can be detached by cutting, breaking, tearing or clipping the
portion from the remainder of the mandrel.

FIGS. 2A and 2B illustrate a mandrel according to the
exemplary embodiment of the invention illustrated in FIG. 1.
The mandrel 20 1s planar having two faces. The mandrel 20
has a positive portion 22 and a negative portion 24 with “p”
separating the two portions. In addition, the mandrel 20 also
has a removable portion 26 and a removable incision 28. Also
shown are positive feedthrough groove 23 and negative
teedthrough groove 25.

FIG. 2B 1s a top-plan view of mandrel 20 showing the
mid-line of mandrel 20, along line ‘m-m’. As 1illustrated in
FIG. 2B, feedthrough grooves 23 and 25 are dimensioned and
configured to accept feedthrough pins 42 and 44 (FIG. 1). In
the embodiment illustrated 1n FIGS. 2A and 2B, positive
teedthrough groove 23 1s placed closer to midline ‘m-m’ of
mandrel 20 than negative feedthrough groove 25. This 1s
illustrated by the distance ‘d’ from positive electrode groove
23 to the midline compared to the distance ‘dl ° from the
negative electrode groove 25 to the midline ‘m-m’. Of course,
those of skill 1n the art will appreciate that the placement of
the grooves can be equidistant from the midline. Alterna-
tively, the negative feedthrough groove can be closer to the
mid-line, 1f desired, or the grooves can be placed at any
convenient location of the mandrel 20 as needed. However,
those of skill 1n the art will appreciate that by having the
teedthrough pins positioned at two different distances from
the midline, a battery cover (not shown) can be constructed to
fit over the electrodes (not shown) 1n only one position. This
assures that the terminals can be easily identifiable as positive
and negative.

Further, as shown in FIG. 2A, removable portion 26 can be
separated from positive portion 22 and negative portion 24 by
removable 1ncision 28. Removable 1ncision 28 can be deep
enough such thatmandrel 20 can be broken along the incision
28. This results in individual positive and negative portions 22
and 24 of mandrel 20. Also 1illustrated in FIG. 2A 1s an
orientation notch 29 shown as a foot-type aperture on the
midline of mandrel 20. In the embodiment shown, the “foot™
points toward negative portion 24 of mandrel 20. Those of
skill 1n the art will realize that such orientation guides are not
necessary for mandrel 20 to function nor do they have to point
towards the negative portion of the mandrel. However, such
guides are helpiul 11 consistently used.

FIG. 3 shows another embodiment of an interconnect joint
for an electrode assembly 16 according to the invention. In
this embodiment, grooves {for positive and negative
teedthrough pins 42 and 44 are on opposite faces ol mandrel
20. FIG. 3 also illustrates the conductive connection between
mandrel 20, positive and negative feedthrough pins 42 and 44
and positive and negative electrodes 30 and 32. Positive and
negative electrodes 30 and 32 are interposed between positive
and negative feedthrough pins 42 and 44 1n grooves on posi-
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tive and negative portions 22 and 24 of mandrel 20. In some
embodiments, the connection can be secured by welding both
teedthrough pins 42 and 44 and electrodes 30 and 32 into the
grooves.

Those of skill in the art will appreciate that when the
clectrodes can be conductively connected directly to the
teedthrough pins, the mandrel does not need to be conductive
to establish the conductive interconnect joint. Therefore, in
those embodiments of the invention where the mandrel does
not need to be electrically conductive to complete the inter-
connect joint, the mandrel can be made from a non-electri-
cally conductive material. Suitable electrically non-conduc-
tive materials can include polymers including polypropylene,
polyethylene, and poly(ethylene-co-tetratluoroethylene)
(ETFE). Advantageously, the separator(s) can be heat sealed
to the mandrel when the mandrel 1s prepared from a non-
clectrically conductive material. For example, an end of the
separator can be attached to a portion of the mandrel via heat
sealing.

FIG. 4 1s a schematic diagram 1llustrating mandrel 20 with
clectrodes 30 and 32 conductively connected to positive and
negative portions 22 and 24. Electrodes 30 and 32 can be
attached to opposite faces of mandrel 20.

Positive electrode 30 can be coated with a positive active
material 34. As illustrated, positive electrode 30 has a proxi-
mal end/uncoated portion 30q that 1s not coated with active
material. Positive electrode 30 can be attached at 306 to
positive portion 22 of mandrel 20. Similarly, negative elec-
trode 32 can be coated with a negative active material 36 (not
shown). Uncoated portion 32a (not shown) of negative elec-
trode 32 1s not coated with active material and facilitates
attachment (not shown) to the negative portion 24 of mandrel
20. Electrodes 30 and 32 can be attached to the mandrel by
welding such as, for example, laser welding, ultrasonic weld-
ing or resistance welding. In one embodiment, a combination
of two or more welds can be included at the electrode and
mandrel mterface to effect attachment.

Those of skill in the art will appreciate that positive active
material 302 can be any of those materials used as such in
clectrode technology. For example, positive active material
302 can be lithium cobalt oxide (rechargeable), carbon
monofluoride (CF ), silver vanadium oxide (primary), or
combinations thereof. Similarly, negative active material 320
can be any appropriate negative active material used 1n elec-
trode technology. Exemplary materials include lithtum titan-
ate, artificial graphite powder (MCMB), lithium, or combi-
nations thereof.

Both positive electrode 30 and negative electrode 32 can be
coated on one side or both sides of the electrode to provide an
clectron tlow suitable to generate a current. However, those of
skill 1n the art will appreciate that coating of the electrodes on
both sides with active material allows for more efficient use of
the two sides of the electrodes, resulting 1n increased energy
and power 1n contrast to a single side coated electrode. It
should be understood that the proximal and/or distal ends of
the electrodes do not need to be coated on one or both sides.
It should be appreciated that any suitable combination of
coatings and coated portions of the electrode(s) 1s within the
scope of the invention and 1s not limiting.

FIG. 5 1llustrates electrodes 30 and 32 connected to man-
drel 20, as shown 1n FIG. 4. Positive and negative feedthrough
pins 42 and 44 can be placed 1n grooves 23 and 23 and secured
in place. Feed through pins 42 and 44 and their respective
clectrodes 30 and 32 can be conductively connected to man-
drel 20 by welding. Alternatively, a direct conductive connec-
tion between the electrode and the feedthrough pin can be
made by attaching either or both positive electrode 30 and
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negative electrode 32 in grooves 23 and 25 underneath
teedthrough pins 42 and 44 respectively. As illustrated in FIG.
5, feedthrough pins 42 and 44 extend through insulator 70 and
battery cover 72 and can be used as battery terminals 80 and
82. Also shown are ferrules 84 which are welded to battery
cover 72 to stabilize the terminals and isolate them from
battery cover 72. A glass seal or sleeve (not shown) can be
placed over the feedthrough pin prior to the placement of
terrule 84 to provide a seal between the feedthrough pin and
the battery cover and insulating ferrule 84 from the
teedthrough pin.

Suitable materials for ferrule construction can be titanium,
titanium alloys or stainless steel.

Insulator 70 can be made of any insulating material such as,
for example, polyethylene, polypropylene, polyethylene
terephthalate,  polyimide, ethylene/tetratluoroethylene
copolymer (ETFE). In one aspect, the insulating material can
be a non-conductive film such as, for example, DuPont Kap-
ton® polyimide film.

In those embodiments where feedthrough pins 42 and 44
and electrodes 30 and 32 can be directly connected to each
other in the feedthrough grooves 23 and 25, the mandrel 20
need not be electrically conductive to complete the intercon-
nect joint. This 1s because direct connection of the electrodes
to the feedthrough pins provides an electrical conduction
between the electrodes, the feedthrough pins and battery ter-
minals.

Those of skill 1n the art can appreciate that under the above
described conditions the battery case will be neutral. How-
ever, 1 other embodiments, a stud pin (not shown) can be
welded to the battery cover concentric with the position one
of the feedthrough pins 42 or 44. Thus, 1n this embodiment,
the case will be at either a negative potential or a positive
potential depending at which position the stud pin 1s secured.

FI1G. 6 illustrates an electrode assembly as shown in FIG. 2
but viewed from the opposite face. In this embodiment, the
clectrode assembly has a first separator 530 and a second
separator 52 attached to mandrel 20. As shown, first separator
50 and second separator 52 can be attached so as to be
opposed to positive electrode 30 and negative electrode 32
respectively. When wound, separators 50 and 52 1solate posi-
tive and negative electrodes 30 and 32 from each other (shown
in FIG. 7A). The separators can be attached to the mandrel 20
using any elfective method. For example, the separators can
be connected by adhesive or tape 54 that adheres the separator
to the mandrel. Tape material 54 can be a polypropylene,
polyethylene, polyester, or nylon resin. Adhesives include,
for example, polyvinylidenetluoride (PVDEF), co-polymers of
polyhexafluoropropylene-polyvinylidenetluoride, poly(vi-
nylacetate), polyvinylalcohol, polyethylene oxide, polyvi-
nylpyrolidone, alkylated polyethylene oxide, polyvinyl ether,
poly(methylmethacrylate), poly(ethylacrylate), polytet-
rafluoroethylene, polyvinylchloride, polyacrylonitrile, poly-
vinylpyridine, styrene-butadiene rubber, silicon and mixtures
thereof.

FIG. 6 also shows that, as with the single separator 51 used
in the embodiments shown 1n FIGS. 1 and 3, separators 50
and 52 are wider than electrodes 30 and 32 by a distance ‘m’.
Those of skill in the art will appreciate that, during the process
of winding the electrode assembly, some telescoping of elec-
trodes 30 and 32 may occur. Use of separators 50 and 52 that
are wider than electrodes 30 and 32 helps to ensure that the
clectrodes do not contact each other 1n the jelly roll.

FIGS. 7A-T7D are schematic, top-plan views of four sepa-
rate embodiments of coiled jelly roll assemblies providing an
interconnect joint according to the mvention. FI1G. 7A shows
mandrel 20 having positive and negative feedthrough pins 42
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and 44 on the same face with electrodes 30 and 32 connected
on opposite faces of the mandrel 20. Uncoated portions of 30q
and 32a of electrodes 30 and 32 can be connected to positive
portion 22 and negative portion 24 of mandrel 20. Two sepa-
rators 50 and 52 can be used to separate electrodes 30 and 32.

FIG. 7B provides an embodiment of the invention where
positive and negative feedthrough pins 42 and 44 are on
opposite faces of the mandrel. Uncoated portions of 30a and
32a of positive and negative electrodes 30 and 32 can be
conductively connected to feedthrough pins 42 and 44.
Uncoated portions 30a and 32a can be positioned behind
teedthrough pins 42 and 44 1n the feedthrough grooves. Two
separators, 50 and 52, are shown 1n FIG. 7B.

Once the components of the electrode assembly 16 are
assembled, mandrel 20 can be rotated to wind electrodes 30
and 32 and separators 50 and 52 around mandrel 20 to create
the jelly roll electrode assembly 16 as shown in FIGS. 7A and
7B. FIGS. 7A and 7B also illustrate mandrel 20 integrated
into the center of the jelly roll electrode assembly 16 and
separators 50 and 52 wound between the positive and nega-
tive electrodes 30 and 32 respectively.

FIGS. 7C and 7D are schematic diagrams of jelly roll
assemblies incorporating an interconnect joint using a single
separator. FIGS. 7C and 7D illustrate separator 51 woven
between positive and negative portions 22 and 24 of mandrel
20 to insulate positive electrode 30 and negative electrode 32.
FIG. 7C shows one embodiment of the interconnect joint
wherein positive and negative feedthrough pins 42 and 44 can
be on the same face of the mandrel 20. Uncoated portions 30a
and 32a can be conductively connected to opposite faces of
the mandrel 20 with separator 51 passing through passage ‘p’
(FI1G. 3) of mandrel 20. FIG. 7D shows the interconnect joint
where positive and negative feedthrough pins 42 and 44 can
be on different faces of the mandrel 20. Uncoated portions
30a and 32a can be conductively connected to feedthrough
pins 42 and 44 by positioning them in the feedthrough
grooves behind feedthrough pins 42 and 44.

As 1llustrated 1n FIGS. 7C and 7D, once the components of
clectrode assembly 16 are assembled, mandrel 20 can be
rotated to wind the electrodes 30 and 32 and the single inter-
woven separator 51 around the mandrel to create the jelly roll
clectrode assembly 16. FIGS. 7C and 7D also 1llustrate man-
drel 20 integrated into the center of the jelly roll electrode
assembly 16 with separator 51 wound between the positive
and negative electrodes 30 and 32 respectively.

Those of skill in the art will appreciate that, by positioning
a single separator 31 through passage “p”, the tension of the
jelly roll maintains the separator 51 1 place. The jelly roll can
be wound with a desired tension without risk of the separator
becoming dislodged from its position. In addition, those of
skill 1n the art will further appreciate that, by use of the
interconnect joint, whether a single separator 1s used or two
different separators are used, there 1s no need for the place-
ment of extraneous tabs to act as electrode terminals. The
interconnect joint results i the ends of the feedthrough pins
42 and 44 being usable as positive and negative battery ter-
minals 80 and 82. Therefore, extrancous tabs are not present
that could damage the coiled jelly roll.

Rotating the mandrel to coil the jelly roll assembly can be
accomplished by using the removable portion 26. Rotating
the mandrel to wind or coil the jelly roll assembly can be
performed manually. Alternatively, the process can be auto-
mated. For example, the removable portion 26 of mandrel 20
can be attached to a ligature or other holding mechanism (not
shown) which can be turned by a motor. The mandrel 20 can
be rotated and the process of coiling the jelly roll assembly 16
can be automated. Once wound, those of skill in the art will
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appreciate that any suitable means can be used to keep the
clectrodes 1n place once rolled. For example, simple isulat-
ing tape can be used such as, for example, Teflon, or polyim-
ide tape such as, for example, DuPont Kapton®.

FIG. 8A shows the electrode assembly in battery case 64
before removable portion 26 1s detached. As illustrated, bat-
tery case 64 1s dimensioned so as to approximate the size of
the mandrel without removable portion 26. As shown 1n FIG.
8B, separation of the removable portion results 1n individual
positive portion 22 and negative portion 24 of mandrel 20
integrated into the jelly roll assembly 16 and battery 10. Jelly
roll assembly 16 fits within battery case 64 as 1llustrated in
FIG. 8B. Because positive portion 22 and negative portion 24
are not removed from the electrode assembly 16, telescoping
of the jelly roll assembly due to their removal can be mini-
mized or eliminated. Therefore, the jelly roll can be wound or
coilled to a tension desired to accommodate the battery rather
than coiling the jelly roll to a tension that allows the mandrel
to be removed from the coil. Thus, the mstant ivention pro-
vides a less bulky electrode assembly and, consequently, can
be used to provide a smaller battery.

FI1G. 9 1llustrates a mandrel 200 according to the mnvention.
Mandrel 200 includes a positive portion 220 and a negative
portion 240. Both the positive portion 220 and the negative
portion 240 include removable portions 260a and 2605,
respectively. Positive portion 220 further includes a positive
teedthrough groove 230 while the negative portion includes a
negative feedthrough groove 250. As 1llustrated 1n FIG. 8, a
removable 1incision 280a and 2805 delineates the removable
portion 260q and 2605 from positive portion 220 and negative
portion 240 of mandrel 200. Orientation notches 290aq and
29056 can be provided 1n removable portion 260a and 2605,
respectively, of positive portion 220 and negative portion 240
of mandrel 200.

It should be understood that positive and negative elec-
trodes (not shown) and feedthrough pins (not shown) can be
attached to the positive and negative portions 220 and 240 of
mandrel 200 as previously described herein. Additionally, it
should be understood that feedthrough grooves 230 and 250
can be positioned on opposite sides of mandrel 200.

Two separators (not shown) can be attached to positive and
negative portions 220 and 240 of mandrel 200 also as previ-
ously described. Alternatively, a single separator can be
passed through passage “p” also as previously described to
afford an electrode assembly.

During assembly, positive portion 220 and negative portion
240 can be held 1n place, for example, by a vice and grip
winding ligature (not shown) connected to the removable
portions 260a and 2605. As with the mandrel illustrated in
FIG. 7B, once the jelly roll 1s coiled, the removable portions
can be detached. Those of skill in the art will appreciate that
the mandrel shown 1n FIG. 8 allows each positive portion 220
and negative portion 240 to be fabricated from different mate-
rials as needed, thereby optimizing the battery and battery
chemistry for a desired use.

FIGS. 10A and 10B 1llustrate another mandrel 300 accord-
ing to the mvention. FIG. 10A 1s a side-plan view showing a
mandrel 300 with stud pin grooves 340 and 342 designed and
configured for securing a stud pin (not shown) to the mandrel
300. Mandrel 300 also includes feedthrough pin grooves 323
and 325 designed and configured to accept positive and nega-
tive feedthrough pins (not shown). Electrodes 30 and 32 (not
shown) can be secured to mandrel 300 by stud pins (as shown
in FI1G. 12). For example, electrodes 30 and 32 can be placed
into stud pin grooves 340 and 342. A stud pin can then be
placed over the electrode and secured 1nto the groove to effect
attachment between positive portion 322 and negative portion
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324 of mandrel 300. Stud pins can be made of any conductive
or non-conductive material. As 1llustrated 1n FIGS. 10A and
10B, stud pin grooves 340 and 342 can be located on opposite
faces of the mandrel. As with mandrel 20, illustrated 1n FIG.
2, mandrel 300 includes a positive portion 322, a negative
portion 324 and a removable portion 326. Positive and nega-
tive portions 322 and 324 are adjacent to removable incision
328. Mandrel 300 also has positive and negative feedthrough
grooves 323 and 325 dimensioned and configured to accept
positive and negative feedthrough pins (not shown). In this
embodiment, the feedthrough pin grooves 323 and 325 are on
opposite faces of the mandrel.

Positive and negative electrodes (not shown) and
teedthrough pins (not shown) can be attached to the positive
and negative portions 322 and 324 of mandrel 300 as previ-
ously described herein. Two separators (also not shown) can
be attached to positive and negative portions 322 and 324 of
mandrel 300 also as previously described. Alternatively, a
single separator can be passed through passage “p” also as
previously described to atford an electrode assembly.

FIGS. 11 A and 11B 1llustrate another mandrel according to
the mvention. Mandrel 400 1includes a positive portion 422, a
negative portion 424 and a removable portion 426. Positive

and negative portions 422 and 424 are adjacent to removable
incision 428. As with mandrel 300, illustrated in FIGS. 10A
and 10B, mandrel 400 1s designed and configured for the
clectrodes (not shown) to be attached to mandrel 400 using a
stud pin (444 shown in FIG. 12). As shown 1n FIG. 11A,
mandrel 400 provides for positive stud pin groove 440, posi-
tive feedthrough pin groove 423 and negative feed through
pin groove 4235 to be on the same face of mandrel 400 while
negative stud pin groove 442 1s on the opposite face of the
mandrel.

As with FIGS. 9, 10A and 10B, positive and negative
clectrodes (not shown) and feedthrough pins (not shown) can
be attached to positive and negative portions 422 and 424 of
mandrel 400 as previously described herein. Two separators
(also not shown) can be attached to positive and negative
portions 422 and 424 of mandrel 400 also as previously
described. Alternatively, a single separator can be passed
through passage “p” also as previously described to atford an
clectrode assembly.

FIG. 12 1s a side-plan view of mandrel 400 (FIGS. 10A and
10B) partially assembled into an electrode assembly. FIG. 12
shows positive electrode 30 anchored underneath stud pin
444 1n stud pin groove 440. Both electrode 30 and stud pin
444 can be connected to mandrel 400 together in stud pin
groove 440 to provide conductive attachment of electrode 30
to mandrel 400 and to feedthrough pin 42 to create a conduc-
tive interconnect joint. Positive feedthrough pin 42 and nega-
tive feedthrough pin 44 are on the same face of the mandrel
while negative electrode 32 can be connected to mandrel 400
using a stud pin (not shown) on the opposite face of the
mandrel 400.

Two separators (also not shown) can be attached to positive
and negative portions 422 and 424 of mandrel 400 also as
previously described. Alternatively, a single separator can be
passed through passage “p” also as previously described to
afford an electrode assembly.

In an alternative embodiment, the mandrel can be made
from a non-electrically conductive material. Such electrically
non-conductive materials can include polymers including
polypropylene, polyethylene, and poly(ethylene-co-tet-
rafluoroethylene) (ETFE). The mandrel can resemble man-
drel 20 as illustrated 1n FIGS. 2A and 2B such that there 1s a
direct electrical connection between the electrodes and the

teedthrough pins positioned 1n the mandrel.
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The following paragraphs enumerated consecutively from
1 through 9 provide for various aspects of the present mven-
tion. In one embodiment, 1n a first paragraph (1), the present
invention provides a mandrel for an electrode assembly com-
prising:

a positive portion, a negative portion and one or more
removable portions,

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the positive and negative portions are separated by
a passage there between.

2. The mandrel of paragraph 1, wherein detachment of the
one or more removable portions results 1n unconnected posi-
tive and negative portions.

3. The mandrel of either of paragraphs 1 or 2, wherein the
mandrel 1s formed from an electrically conductive material
selected from stainless steel, aluminum, titanium, nickel,
copper, or combinations thereof.

4. The mandrel of either of paragraphs 1 or 2, wherein the
mandrel 1s formed from a non-electrically conductive mate-
rial selected from polypropylene, polyethylene, or poly(eth-
ylene-co-tetrafluoroethylene) (ETFE).

5. The mandrel of any of paragraphs 1 through 4, wherein
the positive portion and the negative portion are the same
material.

6. The mandrel of any of paragraphs 1 through 4, wherein
the positive portion and the negative portion are different
materials.

7. The mandrel of any of paragraphs 1 through 6, wherein
the mandrel 1s planar having two faces.

8. The mandrel of any of paragraphs 1 through 7, wherein
the positive portion and the negative portion each have
teedthrough grooves dimensioned to accept feedthrough
pins.

9. The mandrel of any of paragraphs 1 through 8, wherein
the feedthrough grooves are on the same face of the mandrel
or on opposite faces of the mandrel.

The following paragraphs enumerated consecutively from
1 through 24 provide for various additional aspects of the
present invention. In one embodiment, 1n a first paragraph (1),
the present invention provides an electrode assembly com-
prising;:

a mandrel comprising a positive portion, a negative por-
tion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin; and

a negative feedthrough pin;

wherein the positive portion has a groove configured to
accept the positive feedthrough pin and the negative portion
has a groove configured to accept the negative feedthrough
pin;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the positive
portion; and

wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the mandrel on
the negative portion.

2. The electrode assembly of paragraph 1, wherein the
removable portion connects the positive portion and the nega-
tive portion.
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3. The electrode assembly of either paragraphs 1 or 2,
wherein the positive and negative feedthrough pins are inde-
pendently selected from steel, platinum, aluminum, titanium,
niobium, molybdenum, platinum-iridium, and copper and
their alloys.

4. The electrode assembly of any of paragraphs 1 through
3, wherein the positive and negative electrode materials are
independently selected from aluminum, steel, silver, copper,
nickel, titanium or alloys thereof.

5. The electrode assembly of paragraph 4, wherein the
positive electrode 1s coated with a positive active material
selected from lithium cobalt oxide (rechargeable), carbon
monofluoride (CF,), silver vanadium oxide (primary), or
combinations thereof.

6. The electrode assembly of paragraph 4, wherein the
negative electrode 1s coated with a negative active material
selected from lithium titanate, artificial graphite powder
(MCMB), lithium or combinations thereof.

7. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from an electrically con-
ductive material selected from stainless steel, aluminum, tita-
nium, nickel, copper or combinations thereof.

8. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from a non-electrically
conductive matenal selected from polypropylene, polyethyl-
ene, or poly(ethylene-co-tetrafluoroethylene) (ETFE).

9. The electrode assembly of any of paragraphs 1 through
8, wherein the positive feedthrough pin 1s placed 1n the groove
in the positive portion and negative feedthrough pin 1s placed
in the groove 1n the negative portion.

10. The electrode assembly of any of paragraphs 1 through
9, wherein the positive, the negative electrode, or both 1s/are
interposed in the groove between the positive feedthrough pin
or negative feedthrough pin and the mandrel.

11. The electrode assembly of any of paragraphs 1 through
10, wherein the mandrel 1s planar.

12. The electrode assembly of any of paragraphs 1 through
11, wherein the one of more removable portions are detached.

13. A method of preparing an electrode assembly compris-
ng:

providing a mandrel comprising a positive portion, a nega-
tive portion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

providing a positive electrode;

providing a negative electrode;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a groove on the positive portion configured to
accept the positive teedthrough pin;

providing a groove on the negative portion configured to
accept the negative feedthrough pin;

conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the mandrel;
and

conductively connecting the negative feedthrough pin and
the negative electrode to the negative portion of the mandrel.

14. The method of preparing an electrode assembly of
paragraph 13, wherein the removable portion connects the
positive portion and the negative portion.

15. The method of preparing an electrode assembly of
either paragraphs 13 or 14, wherein the positive and negative
teedthrough pins are independently selected from steel, plati-
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num, aluminum, titanium, niobium, molybdenum, platinum-
iridium, and copper and their alloys.

16. The method of preparing an electrode assembly of any
of paragraphs 13 through 14, wherein the positive and nega-
tive electrode materials are independently selected from alu-
minum, steel, silver, copper, nickel, titanium, or alloys
thereol.

17. The method of preparing an electrode assembly of
paragraph 16, wherein the positive electrode 1s coated with a
positive active material selected from lithium cobalt oxide
(rechargeable), carbon monofluoride (CF ), silver vanadium
oxide (primary), or combinations thereof.

18. The method of preparing an electrode assembly of
paragraph 16, wherein the negative electrode 1s coated with a
negative active material selected from lithium titanate, artifi-
cial graphite powder (MCMB), lithium, or combinations
thereof.

19. The method of preparing an electrode assembly of any
of paragraphs 13 through 18, wherein the mandrel 1s formed
from an electrically conductive material selected from stain-
less steel, aluminum, titanium, mickel, copper, or combina-
tions thereof.

20. The method of preparing an electrode assembly of any
of paragraphs 13 through 19, wherein the mandrel 1s formed
from a non-electrically conductive material selected from
polypropylene, polyethylene, or poly(ethylene-co-tetratiuo-
roethylene) (ETFE).

21. The method of preparing an electrode assembly of any
of paragraphs 13 through 20, further comprising the steps of
placing the positive feedthrough pin 1n the positive portion
groove and placing the negative feedthrough pin 1n the nega-
tive portion groove.

22. The method of preparing an electrode assembly of any
of paragraphs 13 through 21, wherein the positive electrode,
the negative electrode, or both 1s/are interposed 1n the groove
between the positive feedthrough pin or negative feedthrough
pin and the mandrel.

23. The method of preparing an electrode assembly of any
of paragraphs 13 through 22, wherein the mandrel 1s planar.

24. The method of preparing an electrode assembly of any
of paragraphs 13 through 23, further comprising the step of
detaching the one or more removable portions.

The following paragraphs enumerated consecutively from
1 through 52 provide for various still other aspects of the
present invention. In one embodiment, 1n a first paragraph (1),
the present mvention provides an electrode assembly com-
prising:

a mandrel comprising a positive portion, a negative por-
tion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin;

a negative feedthrough pin; and

a separator

wherein the positive portion has a groove configured to
accept the positive feedthrough pin and the negative portion
has a groove configured to accept the negative feedthrough
p1in;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the positive
portion;
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wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the mandrel on
the negative portion; and

wherein the separator passes through the passage 1n the
mandrel so as to be interposed to the positive portion on the
first face and the negative portion on the second face.

2. The electrode assembly of paragraph 1, wherein the
removable portion connects the positive portion and the nega-
tive portion.

3. The electrode assembly of either paragraphs 1 or 2,
wherein the positive and negative feedthrough pins are inde-
pendently selected from steel, platinum, aluminum, titanium,
niobium, molybdenum, platinum-iridium, copper and their
alloys.

4. The electrode assembly of any of paragraphs 1 through
3, wherein the positive and negative electrode matenals are
independently selected from aluminum, steel, silver, copper,
nickel, titanium, or alloys thereof.

5. The electrode assembly of paragraph 4, wherein the
positive electrode 1s coated with a positive active material
selected from lithrum cobalt oxide (rechargeable), carbon
monofluoride (CF,), silver vanadium oxide (primary), or
combinations thereof.

6. The electrode assembly of paragraph 4, wherein the
negative electrode 1s coated with a negative active material
selected from lithium ftitanate, artificial graphite powder
(MCMB), lithium, or combinations thereof.

7. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from an electrically con-
ductive material selected from stainless steel, aluminum, tita-
nium, nickel, copper, or combinations thereof.

8. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from a non-electrically
conductive maternial selected from polypropylene, polyethyl-
ene, or poly(ethylene-co-tetrafluoroethylene) (ETFE).

9. The electrode assembly of any of paragraphs 1 through
8, wherein the positive feedthrough pin 1s placed in the groove
in the positive portion and negative feedthrough pin 1s placed
in the groove 1n the negative portion.

10. The electrode assembly of any of paragraphs 1 through
8, wherein the positive electrode, the negative electrode, or
both 1s/are interposed in the groove between the positive
teedthrough pin or negative feedthrough pin and the mandrel.

11. The electrode assembly of any of paragraphs 1 through
10, wherein the separator 1s formed of polyethylene, polypro-
pylene or layered combinations thereof.

12. The electrode assembly of any of paragraphs 1 through
11, wherein the mandrel 1s planar.

13. The electrode assembly of any of paragraphs 1 through
12, wherein the one or more removable portions are detached.

14. A method of preparing an electrode assembly compris-
ng:

providing a mandrel comprising a positive portion, a nega-
tive portion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

providing a positive electrode;

providing a negative electrode;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a groove on the positive portion configured to
accept the positive feedthrough pin;

providing a groove on the negative portion configured to
accept the negative feedthrough pin;
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conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the mandrel;

conductively connecting the negative feedthrough pin and
the negative electrode to the negative portion of the mandrel;
and 5

providing a separator that passes through the passage in the
mandrel so as to be mterposed to the positive portion on the
first face and the negative portion on the second face.

15. The method of preparing an electrode assembly of
paragraph 14, wherein the removable portion connects the
positive portion and the negative portion.

16. The method of preparing an electrode assembly of
either paragraphs 14 or 15, wherein the positive and negative
teedthrough pins are independently selected from steel, plati-
num, aluminum, titanium, niobium, molybdenum, platinum-
iridium, and copper and their alloys.

17. The method of preparing an electrode assembly of any
of paragraphs 14 through 16, wherein the positive and nega-
tive electrode materials are independently selected from alu-
minum, steel, silver, copper, nickel, titamium or alloys
thereof.

18. The method of preparing an electrode assembly of
paragraph 17, wherein the positive electrode 1s coated with a
positive active material selected from lithium cobalt oxide
(rechargeable), carbon monotluoride (CF,), silver vanadium
oxide (primary), and combinations thereof.

19. The method of preparing an electrode assembly of
paragraph 17, wherein the negative electrode 1s coated with a
negative active material selected from lithium titanate, artifi-
cial graphite powder (MCMB) or lithium.

20. The method of preparing an electrode assembly of any
of paragraphs 14 through 19, wherein the mandrel 1s formed
from an electrically conductive material selected from stain-
less steel, aluminum, titamium, nickel, copper and combina-
tions thereof.

21. The method of preparing an electrode assembly of any
of paragraphs 14 through 19, wherein the mandrel 1s formed
from a non-electrically conductive material selected from
polypropylene, polyethylene, or poly(ethylene-co-tetratluo-
rocthylene) (ETFE).

22. The method of preparing an electrode assembly of any
of paragraphs 14 through 21, further comprising the steps of
placing the positive feedthrough pin 1n the positive portion
groove and placing the negative feedthrough pin in the nega-
tive portion groove.

23. The method of preparing an electrode assembly of any
of paragraphs 14 through 22, wherein the positive electrode,
the negative electrode, or both 1s/are interposed 1n the groove
between the positive feedthrough pin or negative feedthrough
pin and the mandrel.

24. The method of preparing an electrode assembly of any
of paragraphs 14 through 23, wherein the mandrel 1s planar.

25. The method of preparing an electrode assembly of any
of paragraphs 14 through 24, further comprising the step of
rotating the mandrel about an axis to wind the electrodes and 55
separator around the mandrel.

26. The method of preparing an electrode assembly of any
of paragraphs 14 through 25, further comprising the step of
detaching the one or more removable portions.

2'7. An electrode assembly comprising:

a mandrel having two faces and a positive portion and a
negative portion,

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;
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a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin;

a negative feedthrough pin;

a first separator; and

a second separator

wherein the positive portion has a groove configured to
accept the positive feedthrough pin and the negative portion
has a groove configured to accept the negative feedthrough

p1in;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the positive
portion;

wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the mandrel on
the negative portion; and

wherein the first separator 1s attached to the positive por-
tion and the second separator i1s attached to the negative
portion.

28. The electrode assembly of paragraph 27, wherein the
removable portion connects the positive portion and the nega-
tive portion.

29. The electrode assembly of either paragraphs 27 or 28,
wherein the positive and negative feedthrough pins are inde-
pendently selected from steel, platinum, aluminum, titanium,
niobium, molybdenum, platinum-iridium, and copper and
their alloys.

30. The electrode assembly of any of paragraphs 27
through 29, wherein the positive and negative electrode mate-
rials are independently selected from aluminum, steel, silver,
copper, nickel, titantum or alloys thereof.

31. The electrode assembly of paragraph 30, wherein the
positive electrode 1s coated with a positive active material
selected from lithrum cobalt oxide (rechargeable), carbon
monofluoride (CF)), silver vanadium oxide (primary), and
combinations thereof.

32. The electrode assembly of paragraph 30, wherein the
negative electrode 1s coated with a negative active material
selected from lithium titanate, artificial graphite powder
(MCMB) or lithium.

33. The electrode assembly of any of paragraphs 27
through 32, wherein the mandrel 1s formed from an electri-
cally conductive material selected from stainless steel, alu-
minum, titanium, nickel, copper and combinations thereof.

34. The electrode assembly of any of paragraphs 27
through 32, wherein the mandrel 1s formed from a non-elec-
trically conductive material selected from polypropylene,
polyethylene, or poly(ethylene-co-tetrafluoroethylene)
(ETFE).

35. The electrode assembly of any of paragraphs 27
through 34, wherein the positive feedthrough pin 1s placed in
the groove 1n the positive portion and negative feedthrough
pin 1s placed 1n the groove 1n the negative portion.

36. The electrode assembly of any of paragraphs 27
through 35, wherein the positive electrode, the negative elec-
trode, or both 1s/are interposed 1n the groove between the
positive feedthrough pin or negative teedthrough pin and the
mandrel.

3’7. The electrode assembly of any of paragraphs 24
through 36, wherein the separators are formed of polyethyl-
ene, polypropylene or layered combinations thereof.

38. The electrode assembly of any of paragraphs 24
through 3’7, wherein the mandrel 1s planar.

39. The electrode assembly of any of paragraphs 24

through 38, wherein the one or more removable portions are
detached.
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40. A method of preparing an electrode assembly compris-
ng:

providing a mandrel having two faces and a positive por-
tion and a negative portion,

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

providing a positive electrode;

providing a negative electrode;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a groove on the positive portion configured to
accept the positive feedthrough pin;

providing a groove on the negative portion configured to
accept the negative feedthrough pin;

conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the mandrel;

conductively connecting the negative feedthrough pin and
the negative electrode to the negative portion of the mandrel;
and

providing a first separator attached to the positive portion;
and

providing a second separator attached to the negative por-
tion.

41. The method of preparing an electrode assembly of
paragraph 40, wherein the removable portion connects the
positive portion and the negative portion.

42. The method of preparing an electrode assembly of
either paragraphs 40 or 41, wherein the positive and negative
teedthrough pins are independently selected from steel, plati-
num, aluminum, titanium, niobium, molybdenum, platinum-
iridium, and copper and their alloys.

43. The method of preparing an electrode assembly of any
of paragraphs 40 through 42, wherein the positive and nega-
tive electrode materials are independently selected from alu-
minum, steel, silver, copper, nickel, titanium or alloys
thereof.

44. The method of preparing an electrode assembly of
paragraph 43, wherein the positive electrode 1s coated with a
positive active matenal selected from lithium cobalt oxide
(rechargeable), carbon monotluoride (CF)), silver vanadium
oxide (primary), and combinations thereof.

45. The method of preparing an electrode assembly of
paragraph 43, wherein the negative electrode 1s coated with a
negative active material selected from lithium titanate, artifi-
cial graphite powder (MCMB) or lithium.

46. The method of preparing an electrode assembly of any
of paragraphs 40 through 435, wherein the mandrel 1s formed
from an electrically conductive material selected from stain-
less steel, aluminum, titanium, nickel, copper and combina-
tions thereof.

4’7. The method of preparing an electrode assembly of any
of paragraphs 40 through 435, wherein the mandrel 1s formed
from a non-electrically conductive material selected from
polypropylene, polyethylene, or poly(ethylene-co-tetratluo-
roethylene) (ETFE).

48. The method of preparing an electrode assembly of any
of paragraphs 40 through 47, further comprising the steps of
placing the positive feedthrough pin 1n the positive portion
groove and placing the negative feedthrough pin 1n the nega-
tive portion groove.

49. The method of preparing an electrode assembly of any
of paragraphs 40 through 48, wherein the positive electrode,
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the negative electrode, or both 1s/are iterposed in the groove
between the positive feedthrough pin or negative feedthrough
pin and the mandrel.

50. The method of preparing an electrode assembly of any
of paragraphs 40 through 49, wherein the mandrel 1s planar.

51. The method of preparing an electrode assembly of any
of paragraphs 40 through 50, further comprising the step of
rotating the mandrel about an axis to wind the electrodes and
first and second separators around the mandrel.

52. The method of preparing an electrode assembly of any
of paragraphs 40 through 50, further comprising the step of
detaching the one or more removable portions.

The following paragraphs enumerated consecutively from
1 through 53 provide for various aspects of the present inven-
tion. In one embodiment, 1n a first paragraph (1), the present
invention provides an electrode assembly comprising:

a mandrel comprising a positive portion, a negative por-
tion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin;

a negative feedthrough pin; and

a separator;

wherein the positive portion has a groove configured to
accept the positive feedthrough pin and the negative portion
has a groove configured to accept the negative feedthrough
pin;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the positive
portion;

wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the mandrel on
the negative portion;

wherein the separator passes through the passage in the
mandrel so as to be interposed to the positive portion on the
first face and the negative portion on the second face;

wherein the electrodes and separator when wound about
the mandrel provide an excess segment of separator; and

wherein the excess segment of separator 1s heat sealed to an
underlying layer of separator.

2. The electrode assembly of paragraph 1, wherein the
removable portion connects the positive portion and the nega-
tive portion.

3. The electrode assembly of either paragraphs 1 or 2,
wherein the positive and negative feedthrough pins are inde-
pendently selected from steel, platinum, aluminum, titanium,
niobium, molybdenum, platinum-iridium, and copper and
their alloys.

4. The electrode assembly of any of paragraphs 1 through
3, wherein the positive and negative electrode matenals are
independently selected from aluminum, steel, silver, copper,
nickel, titanium or alloys thereof.

5. The electrode assembly of paragraph 4, wherein the
positive electrode 1s coated with a positive active material
selected from lithrum cobalt oxide (rechargeable), carbon
monofluoride (CF.), silver vanadium oxide (primary), or
combinations thereof.

6. The electrode assembly of paragraph 4, wherein the
negative electrode 1s coated with a negative active material
selected from lithium titanate, artificial graphite powder
(MCMB), lithium, or combinations thereof.
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7. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from an electrically con-
ductive material selected from stainless steel, aluminum, tita-
nium, nickel, copper, or combinations thereof.

8. The electrode assembly of any of paragraphs 1 through
6, wherein the mandrel 1s formed from a non-electrically
conductive material selected from polypropylene, polyethyl-
ene, or poly(ethylene-co-tetrafluoroethylene) (ETFE).

9. The electrode assembly of any of paragraphs 1 through
8, wherein the positive feedthrough pin 1s placed in the groove
in the positive portion and negative feedthrough pin 1s placed
in the groove 1n the negative portion.

10. The electrode assembly of any of paragraphs 1 through
9, wherein the positive electrode, the negative electrode, or
both 1s/are interposed in the groove between the positive
teedthrough pin or negative teedthrough pin and the mandrel.

11. The electrode assembly of any of paragraphs 1 through
10, wherein the separator 1s formed of polyethylene, polypro-
pylene or layered combinations thereof.

12. The electrode assembly of any of paragraphs 1 through
11, wherein the mandrel 1s planar.

13. The electrode assembly of any of paragraphs 1 through
12, wherein the one or more removable portions are detached.

14. A method of preparing an electrode assembly compris-
ng:

providing a mandrel comprising a positive portion, a nega-
tive portion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

providing a positive electrode;

providing a negative electrode;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a groove on the positive portion configured to
accept the positive feedthrough pin;

providing a groove on the negative portion configured to
accept the negative feedthrough pin;

conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the mandrel;

conductively connecting the negative feedthrough pin and
the negative electrode to the negative portion of the mandrel;

providing a separator that passes through the passage in the
mandrel so as to be mterposed to the positive portion on the
first face and the negative portion on the second face;

rotating the mandrel about an axis to wind the electrodes
and separator around the mandrel, wherein an excess segment
ol separator 1s provided; and

heat sealing the excess segment of separator to an under-
lying layer of separator.

15. The method of preparing an electrode assembly of
paragraph 14, wherein the removable portion connects the
positive portion and the negative portion.

16. The method of preparing an electrode assembly of
either paragraphs 14 or 15, wherein the positive and negative
teedthrough pins are independently selected from steel, plati-
num, aluminum, titanium, niobium, molybdenum, platinum-
iridium, copper and their alloys.

17. The method of preparing an electrode assembly of any
of paragraphs 14 through 16, wherein the positive and nega-
tive electrode materials are independently selected from alu-
minum, steel, silver, copper, nickel, titanmium or alloys
thereof.

18. The method of preparing an electrode assembly of
paragraph 17, wherein the positive electrode 1s coated with a
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positive active maternal selected from lithium cobalt oxide
(rechargeable), carbon monofluoride (CF ), silver vanadium
oxide (primary), or combinations thereof.

19. The method of preparing an electrode assembly of
paragraph 17, wherein the negative electrode 1s coated with a
negative active material selected from lithium titanate, artifi-
cial graphite powder (MCMB), lithium, or combinations
thereof.

20. The method of preparing an electrode assembly of any
of paragraphs 14 through 19, wherein the mandrel 1s formed
from an electrically conductive material selected from stain-
less steel, aluminum, titanium, nickel, copper, or combina-
tions thereof.

21. The method of preparing an electrode assembly of any
of paragraphs 14 through 19, wherein the mandrel 1s formed
from a non-electrically conductive material selected from
polypropylene, polyethylene, or poly(ethylene-co-tetratluo-

roethylene) (ETFE).

22. The method of preparing an electrode assembly of any
of paragraphs 14 through 21, further comprising the steps of
placing the positive feedthrough pin 1n the positive portion
groove and placing the negative feedthrough pin 1n the nega-
tive portion groove.

23. 'The method of preparing an electrode assembly of any
of paragraphs 14 through 22, wherein the positive electrode,
the negative electrode, or both 1s/are interposed in the groove
between the positive feedthrough pin or negative feedthrough
pin and the mandrel.

24. The method of preparing an electrode assembly of any
of paragraphs 14 through 23, wherein the mandrel 1s planar.

25. The method of preparing an electrode assembly of any
of paragraphs 14 through 24, wherein the heat sealing of the
separator strip 1s by impulse heat.

26. The method of preparing an electrode assembly of any
of paragraphs 14 through 235, further comprising the step of
detaching the one or more removable portions.

2'7. An electrode assembly comprising:

a mandrel comprising a positive portion, a negative por-
tion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin;

a negative feedthrough pin;

a first separator; and

a second separator

wherein the positive portion has a groove configured to
accept the positive feedthrough pin and the negative portion
has a groove configured to accept the negative feedthrough
p1in;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the positive
portion;

wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the mandrel on
the negative portion;

wherein the first separator 1s attached to the positive por-
tion and the second separator i1s attached to the negative
portion;

wherein the electrodes and separator when wound about
the mandrel provide an excess segment of the first or second
separator; and




US 8,685,557 B2

23

wherein the excess segment of separator 1s heat sealed to an
underlying layer of separator.

28. The electrode assembly of paragraph 27, wherein the
removable portion connects the positive portion and the nega-
tive portion.

29. The electrode assembly of either paragraphs 277 or 28,
wherein the positive and negative feedthrough pins are inde-
pendently selected from steel, platinum, aluminum, titanium,
niobium, molybdenum, platinum-iridium, and copper and
their alloys.

30. The eclectrode assembly of any of paragraphs 27
through 29, wherein the positive and negative electrode mate-
rials are independently selected from aluminum, steel, silver,
copper, nickel, titanium, or alloys thereof.

31. The electrode assembly of paragraph 30, wherein the
positive electrode 1s coated with a positive active material
selected from lithium cobalt oxide (rechargeable), carbon
monofluoride (CF.), silver vanadium oxide (primary), or
combinations thereof.

32. The electrode assembly of paragraph 30, wherein the
negative electrode 1s coated with a negative active material
selected from lithium titanate, artificial graphite powder
(MCMB), lithium, or combinations thereof.

33. The electrode assembly of any of paragraphs 27
through 32, wherein the mandrel 1s formed from an electri-
cally conductive material selected from stainless steel, alu-
minum, titanium, nickel, copper, or combinations thereof.

34. The electrode assembly of any of paragraphs 27
through 32, wherein the mandrel 1s formed from a non-elec-
trically conductive material selected from polypropylene,
polyethylene, or poly(ethylene-co-tetrafluoroethylene)
(ETFE).

35. The electrode assembly of any of paragraphs 27
through 34, wherein the positive feedthrough pin 1s placed in
the groove 1n the positive portion and negative feedthrough
pin 1s placed 1n the groove in the negative portion.

36. The electrode assembly of any of paragraphs 27
through 35, wherein the positive electrode, the negative elec-
trode, or both 1s/are interposed 1n the groove between the

positive feedthrough pin or negative teedthrough pin and the
mandrel.

37. The electrode assembly of any of paragraphs 27
through 36, wherein the separators are formed of polyethyl-
ene, polypropylene or layered combinations thereof.

38. The eclectrode assembly of any of paragraphs 27
through 37, wherein the mandrel 1s planar.

39. The electrode assembly of any of paragraphs 24
through 38, wherein the one or more removable portions are
detached.

40. A method of preparing an electrode assembly compris-
ng:

providing a mandrel comprising a positive portion, a nega-
tive portion, and one or more removable portions;

wherein the positive portion and negative portion are adja-
cent to and connected to the one or more removable portions;
and

wherein the mandrel includes a passage from the first face
to the second face dividing the positive and negative portions;

providing a positive electrode;

providing a negative electrode;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a groove on the positive portion configured to
accept the positive feedthrough pin;

providing a groove on the negative portion configured to
accept the negative feedthrough pin;
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conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the mandrel;

conductively connecting the negative feedthrough pin and
the negative electrode to the negative portion of the mandrel;
and

providing a {irst separator attached to the positive portion;

providing a second separator attached to the negative por-
tion;

rotating the mandrel about an axis to wind the electrodes
and separators around the mandrel, providing an excess por-
tion of first or second separator; and

heat sealing the excess portion of separator to an underly-
ing layer of separator.

41. The method of preparing an electrode assembly of
paragraph 40, wherein the removable portion connects the
positive portion and the negative portion.

42. The method of preparing an clectrode assembly of
either paragraphs 40 or 41, wherein the positive and negative
teedthrough pins are independently selected from steel, plati-
num, aluminum, titanium, niobium, molybdenum, platinum-
iridium, and copper and their alloys.

43 . 'The method of preparing an electrode assembly of any
of paragraphs 40 through 42, wherein the positive and nega-
tive electrode materials are independently selected from alu-
minum, steel, silver, copper, nickel, titanium or alloys
thereof.

44. The method of preparing an electrode assembly of
paragraph 43, wherein the positive electrode 1s coated with a
positive active matenal selected from lithium cobalt oxide
(rechargeable), carbon monofluoride (CF ), silver vanadium
oxide (primary), and combinations thereof.

45. The method of preparing an electrode assembly of
paragraph 43, wherein the negative electrode 1s coated with a
negative active material selected from lithium titanate, artifi-
cial graphite powder (MCMB) or lithium.

46. The method of preparing an electrode assembly of any
of paragraphs 40 through 435, wherein the mandrel 1s formed
from an electrically conductive material selected from stain-
less steel, aluminum, titanmium, nickel, copper and combina-
tions thereof.

4’7. The method of preparing an electrode assembly of any
of paragraphs 40 through 435, wherein the mandrel 1s formed
from a non-electrically conductive material selected from
polypropylene, polyethylene, or poly(ethylene-co-tetratiuo-
roethylene) (ETFE).

48. The method of preparing an electrode assembly of any
of paragraphs 40 through 47, further comprising the steps of
placing the positive feedthrough pin 1n the positive portion
groove and placing the negative feedthrough pin 1n the nega-
tive portion groove.

49. The method of preparing an electrode assembly of any
of paragraphs 40 through 48, wherein the positive electrode,
the negative electrode, or both 1s/are interposed 1n the groove
between the positive feedthrough pin or negative feedthrough
pin and the mandrel.

50. The method of preparing an electrode assembly of any
of paragraphs 40 through 49, wherein the mandrel 1s planar.

51. The method of preparing an electrode assembly of any
of paragraphs 40 through 50, wherein the heat sealing of the
separator strip 1s by impulse heat.

52. The method of preparing an electrode assembly of any
of paragraphs 40 through 51, further comprising the step of
detaching the one or more removable portions.

53. A battery assembly comprising the electrode assembly
of either of paragraphs 13 or 39, further comprising a case.

While this mvention has been described 1n conjunction
with the various exemplary embodiments outlined above,
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various alternatives, modifications, variations, improvements
and/or substantial equivalents, whether known or that are or
may be presently unforeseen, may become apparent to those
having at least ordinary skill in the art. Accordingly, the
exemplary embodiments according to this invention, as set
forth above, are intended to be 1llustrative not limiting. Vari-
ous changes may be made without departing from the spirit
and scope of the ivention. Therefore, the invention 1is
intended to embrace all known or later-developed alterna-
tives, modifications, variations, improvements and/or sub-
stantial equivalents of these exemplary embodiments.

What 1s claimed 1s:

1. An electrode assembly comprising:

a mandrel comprising a positive portion, a negative por-
tion, and one or more removable portions, capable of
detachment by cutting or breaking;

wherein the positive portion and the negative portion are
adjacent to and connected by the one or more removable
portions; and

wherein the mandrel includes a passage from a first face to
a second face dividing the positive and negative por-
tions;

a positive electrode attached to the positive portion;

a negative electrode attached to the negative portion;

a positive feedthrough pin;

a negative feedthrough pin; and

a separator;

wherein the positive portion has a first groove configured to
accept the positive feedthrough pin and the negative
portion has a second groove configured to accept the
negative feedthrough pin;

wherein the positive electrode and the positive feedthrough
pin are conductively connected to the mandrel on the
positive portion;

wherein the negative celectrode and the negative
teedthrough pin are conductively connected to the man-
drel on the negative portion; and

wherein the separator passes through the passage 1n the
mandrel so as to be mterposed to the positive portion on
the first face and the negative portion on the second face.

2. The electrode assembly of claim 1,

wherein detachment results in unconnected positive and
negative portions.

3. The electrode assembly of claim 1, wherein the positive
and negative feedthrough pins are independently selected
from steel, platinum, aluminum, titanium, niobium, molyb-
denum, platinum-iridium, and copper and alloys thereof

4. The electrode assembly of claim 1, wherein a positive
clectrode material and a negative electrode material are inde-
pendently selected from aluminum, steel, silver, copper,
nickel, titanium, or alloys thereof

5. The electrode assembly of claim 4, wherein the positive
clectrode 1s coated with a positive active matenial selected
from lithium cobalt oxide, carbon monofluoride, silver vana-
dium oxide, or combinations thereof.

6. The electrode assembly of claim 4, wherein the negative
clectrode 1s coated with a negative active matenal selected
from hithium titanate, artificial graphite powder, lithtum, or
combinations thereof.

7. The electrode assembly of claim 1, wherein the mandrel
1s formed from an electrically conductive matenal selected
from stainless steel, aluminum, titanium, nickel, copper, or
combinations thereof.

8. The electrode assembly of claim 1, wherein the mandrel
1s formed Irom a non-electrically conductive material
selected from polypropylene, polyethylene, or poly(ethylene-
co-tetrafluoroethylene).
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9. The electrode assembly of claim 1, wherein the positive
teedthrough pin 1s placed in the first groove 1n the positive
portion and negative feedthrough pin 1s placed in the second
groove 1n the negative portion.

10. The electrode assembly of claim 1,

wherein the positive electrode, the negative electrode, or

both 1s/are interposed in the first groove or the second
groove between the positive feedthrough pin or the nega-
tive feedthrough in respectively and the mandrel.

11. The electrode assembly of claim 1, wherein the sepa-
rator 1s formed of polyethylene, polypropylene or layered
combinations thereof.

12. The electrode assembly of claim 1, wherein the man-
drel 1s planar.

13. The electrode assembly of claim 1, wherein the positive
clectrode and the negative electrode are wrapped around the
mandrel.

14. The electrode assembly of claim 13, wherein the one or
more removable portions are capable of being detached prior
to sealing the electrode assembly 1n a battery case.

15. A method of preparing an electrode assembly compris-
ng:

providing a mandrel comprising a positive portion, a nega-

tive portion, and one or more removable portions,
capable of detachment by cutting or breaking;

wherein the positive portion and the negative portion are

adjacent to and connected by the one or more removable
portions; and

wherein the mandrel includes a passage from a first face to

a second face dividing the positive and negative por-
tions;

providing a positive electrode attached to the positive por-

tion;

providing a negative electrode attached to the negative

portion;

providing a positive feedthrough pin;

providing a negative feedthrough pin;

providing a first groove on the positive portion configured

to accept the positive feedthrough pin;
providing a second groove on the negative portion config-
ured to accept the negative feedthrough pin;

conductively connecting the positive feedthrough pin and
the positive electrode to the positive portion of the man-
drel;

conductively connecting the negative feedthrough pin and

the negative electrode to the negative portion of the
mandrel; and

providing a separator that passes through the passage in the

mandrel so as to be mterposed to the positive portion on
the first face and the negative portion on the second face.

16. The method of preparing an electrode assembly of
claim 15,

wherein detachment results in unconnected positive and

negative portions,

wherein detachment results 1n unconnected positive por-

tion and the negative portion.

17. The method of preparing an electrode assembly of
claim 15,

wherein the positive and negative feedthrough pin are inde-

pendently selected from steel, platinum, aluminum, tita-
nium, niobium, molybdenum, platinum-iridium, copper
and alloys thereof.

18. The method of preparing an electrode assembly of
claim 15,
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wherein a positive electrode material and a negative elec-
trode material are independently selected from alumi-
num, steel, silver, copper, nickel, titantum, or alloys
thereof.

19. The method of preparing an electrode assembly of

claim 18,

wherein the positive electrode 1s coated with a positive
active material selected from lithium cobalt oxide car-
bon monofluoride, silver vanadium oxide and combina-
tions thereof.

20. The method of preparing an electrode assembly of
claim 18,

wherein the negative electrode 1s coated with a negative

active material selected from lithium titanate, artificial
graphite powder or lithium.

21. The method of preparing an electrode assembly of
claim 15, wherein the mandrel 1s formed from an electrically
conductive material selected from stainless steel, aluminum,
titanium, nickel, copper and combinations thereof.

22. The method of preparing an electrode assembly of
claim 15,

wherein the mandrel 1s formed from a non-electrically

conductive matenal selected from polypropylene, poly-
cthylene, or poly(ethylene-co-tetrafluoroethylene).
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23. The method of preparing an electrode assembly of
claim 15, further comprising
the steps of placing the positive feedthrough pin in the first
groove 1n the positive portion and placing the negative
feedthrough pin 1n the second groove in the negative
portion.
24. The method of preparing an electrode assembly of
claim 15,
wherein the positive electrode, the negative electrode, or
both 1s/are interposed in the first groove or the second
groove between the positive feedthrough pin or the nega-
tive feedthrough pin respectively and the mandrel.
25. The method of preparing an electrode assembly of
claim 15, wherein the mandrel 1s planar.
26. The method of preparing an electrode assembly of
claim 15, further comprising
the step of rotating the mandrel about an axis to wind the
clectrode and the separator around the mandrel.
27. The method of preparing an electrode assembly of
claim 15, further comprising the capability of detaching the
one or more removable portions.

¥ o # ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,685,557 B2 Page 1 of 1
APPLICATION NO. : 13/044127

DATED . April 1, 2014

INVENTOR(S) . Joseph J. Viavattine et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims
Column 25, line 47: “and copper and alloys thereof™ should read -- and copper and alloys thereof. --.

Column 25, line 51: “nickel, titantum, or alloys thereof™ should read -- nickel, titanium, or alloys
thereof. --.

Column 26, line 9: “teedthrough in respectively and the mandrel.” should read -- feedthrough pin
respectively and the mandrel. --.

Column 27, line &8; “selected from lithtum cobalt oxide” should read -- selected from lithium cobalt
oxide, --.

Column 27, line 9: “silver vanadium oxide and” should read -- silver vanadium oxide, and --.

Signed and Sealed this
Tenth Day of February, 2013

TDecbatle X oo

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Olffice
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